Background: Long non-coding RNAs (lncRNAs) play an important role in the pathogenesis of multiple tumors. However, the roles of lncRNAs during colon adenocarcinoma and cancer progression remain unclear. This study aimed identify new lncRNAs that act as molecular markers for the prevention and diagnosis of colon adenocarcinoma. Methods: RNA sequencing (RNA-Seq) data associated with colon adenocarcinoma were retrieved from the Cancer Genome Atlas (TCGA). Biological processes in Gene Ontology (Go) and the Kyoto Encyclopedia of Genomes (KEGG) were searched for pathways at the significance level. The expression of LINC00491 and its downstream targets were assessed by real-time PCR, Western blotting and dual-luciferase assays. Biological functions of LINC00491 during cell proliferation, migration and invasion were assessed using CCK-8, colony formation assays, wound healing, and transwell invasion assays in colon adenocarcinoma HT-29 and HCT116 cells. Results: Bioinformatics analysis with the TCGA colon adenocarcinoma dataset showed that LINC00491 was significantly up-regulated in colon adenocarcinoma. Furthermore, we found that LINC00491 positively regulates SERPINE1 expression through sponging miR-145 and promoting the proliferation, migration, and invasion of colon adenocarcinoma cells, thus playing an oncogenic role during colon adenocarcinoma pathogenesis. Conclusion: LINC00491 functions as a ceRNA to promote SERPINE1 expression by sponging miR-145. LINC00491 serves as a therapeutic target and prognostic biomarker in colon adenocarcinoma.
Introduction
Colon adenocarcinoma is the third leading cause of cancer-related death in the United States. 1 In China, colon adenocarcinoma is the most common gastrointestinal malignancy. 2 According to the 2018 Global Cancer statistics report, new cases of colon adenocarcinoma accounted for 6.1% of all cancer cases, and the death toll accounted for 5.8% of all cases. 3 As patients are asymptomatic during the early stages, colon adenocarcinomas are diagnosed at an advanced stage with malignant proliferation and metastasis. Although the clinical treatment of colon adenocarcinoma has improved, including surgical techniques, radiotherapy, and chemotherapy, the prognosis of patients diagnosed with colon adenocarcinoma remains unsatisfactory. Consequently, the discovery of novel regulatory factors and therapeutic targets for colon adenocarcinoma are required to improve our understanding of cancer occurrence and disease progression. LncRNAs are ≥200 nucleotides in length and regulate an array of cell biological processes including chromatin remodeling, transcription, and post-transcriptional events. 4, 5 The most recognized molecular mechanism of lncRNAs are to act as miRNA "sponges" to regulate downstream target genes. 6, 7 LncRNAs act as competing endogenous RNAs (ceRNAs) to accelerate cancer proliferation, migration, and invasion. The E2F-mediated MNX-AS1-miR-218-5p-SEC61A1 feedback loop contributes to the progression of colon adenocarcinoma. 8 LncRNA CCAT2 plays an oncogenic role in Cholangiocarcinoma (CCA) and CCAT2 knockdown inhibits the migration and invasion of CCA cells. 9 HOXD-AS1 functions as a ceRNA that competitively binds to miR-130a-3p and up-regulates SOX4. Promoting hepatocellular carcinoma cell metastasis. 10 LncRNA-HNF1A-AS1 regulates the proliferation and migration of oesophageal adenocarcinoma cells.
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Long intergenic non-protein coding RNA 491 (LINC00491) is located on chromosome 5q21.1 in the human genome and is significantly up-regulated in colon adenocarcinoma tissue. This study revealed that LINC00491 promotes colon adenocarcinoma cell proliferation, migration and invasion by competitively binding to miR-145 and up-regulating SERPINE1. LINC00491 therefore not only acts as a prognostic biomarker but as a therapeutic target for colon adenocarcinoma.
Materials and methods

Patients and samples from the TCGA database
To search for specific lncRNAs, miRNAs and mRNAs in colon adenocarcinoma, we downloaded gene expression data from the TCGA database (https://portal.gdc.cancer. gov/, up to April 9, 2018, including 480 tumors and 41 adjacent non-tumor tissues).
RNA sequence data processing and differential expression analysis
Differentially expressed mRNAs (DEmRNAs), differentially expressed lncRNAs (DElncRNAs) and differentially expressed miRNAs (DEmiRNAs) were identified using the EdgeR package in R (version 3.4.1) between colon adenocarcinoma and adjacent-normal colon tissue. Adjusted pvalues<0.01 and |logFC|>2 were set as the cut-off criteria. Ggplot2 packages in R were used to visualize volcano plots and heat maps.
Establishment of the ceRNA network
The miRcode online tool (http://www.mircode.org) were used to predict DElncRNAs-DEmiRNAs interactions in colon adenocarcinoma. miRDB (http://www.mirdb.org), miRTarBase (http://mirtarbase.mbc.nctu.edu.tw), and Targetscan (http://www.targetscan.org) databases were used to predict the DEmRNAs targeted by DEmiRNAs. Finally, ceRNA networks were established by DEmiRNAs that regulate the expression of DEmRNAs and DElncRNAs, DElncRNAs-DEmiRNAsDEmRNAs ceRNA networks were visualized using Cytoscape (version 3.5.1).
Functional enrichment analysis
GO enrichment analysis were performed with the Database for Annotation, Visualization and Integrated Discovery (DAVID, https://david.ncifcrf.gov/). FDR<0.05 were set as the cut-off criterion. KEGG pathway analysis was performed with packages in R. The threshold was p<0.05. The R clusterProfiler package was used to predict potential functions for the DEmRNAs in the ceRNA network.
Human colon adenocarcinoma cell complementary DNA (cDNA) LINC00491 expression in human colon adenocarcinoma cell lines was detected by human colon adenocarcinoma cell complementary DNA (cDNA) chip 36 points (OUTDO BIOTECH, Shanghai, China). cDNA was derived from human colon adenocarcinoma cells (T84,  RKO, COLO-205, LOVO, COLO320DM, COLO320,  SW480, HCT-15, SW620, HT-29, HCT116 ) and normal colon epithelial cell lines (NCM460) with 25 ng of cDNA templates per well. Experiments were performed in triplicate. Gene expression was normalized to beta-actin.
Cell culture
Human colon adenocarcinoma cell lines (HT-29 and HCT116) and normal colon epithelial cell line (NCM460) were obtained from the Chinese Cell Bank of the Chinese Academy of Sciences (Shanghai, China). All cells were cultivated in Dulbecco modified Eagle medium (DMEM) with 10% fetal bovine serum (FBS, Gibco Waltham, MA), 100 U/mL penicillin and 100 μg/mL streptomycin (both from Sigma-Aldrich, St Louis, MO) at a humidified temperature of 37°C with 5% CO 2.
RNA transfection
Plasmids encoding specific RNAs interfering with LINC00491 (si-LINC00491) and corresponding RNAs interfering with scrambled (si-scrambled) vectors were synthesized by the RiboBio Corporation (Suzhou, China). miR-145 mimics and mimic controls were synthesized by RiboBio Corporation (Suzhou, China). siRNA plasmids were transfected into cells using Lipofectamine2000 (Invitrogen, Carlsbad, CA) transfection reagent according to manufacturers' instructions. Six hours post-transfection, the medium was replaced with DMEM containing 10% FBS.
RNA extraction and real-time PCR analysis
Total RNAs were extracted using RNAiso Plus (TaKaRa, Tokyo, Japan). Reverse transcription kits (RR036A; TaKaRa) was used to transcribe total RNA and produce cDNA. 
Western blot analysis
Proteins were isolated from tissues by lysing in radioimmunoprecipitation assay (RIPA) buffer (Sigma-Aldrich). Equal amounts of protein (50 μg) were separated by 12% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to a polyvinylidene fluoride (PVDF) membranes (Thermo Fisher Scientific, Billerica, MA). Membranes were blocked in 5% bovine serum albumin (BSA) overnight and probed with primary antibodies against SERPINE1 and GAPDH (Cell Signaling Technology) as an internal control. Protein bands were visualized by enhanced chemiluminescence (ECL) (Applygen Technologies, Beijing, China).
Cell proliferation assays
Cells (100 μL/well) were seeded into 96-well plates at 37°C, 5% CO 2 . CCK-8 solution (10 μL) was added to each well and plates were incubated for 24, 48, 72, and 96 hrs. Absorbances at 450 nm were measured on a microplate reader.
Colony formation assays
HT-29 and HCT116 cells were trypsinized to make a single cell suspension, 500 cells were inoculated into each well and the medium was changed every three days. Culture was stopped after 3 weeks, the cells were washed with phosphate-buffered saline (PBS), fixed with methanol and stained with crystal violet (Sinopharm Chemical Reagent, Beijing, China). The colonies were counted under a fluorescence microscope (Olympus Corporation, Tokyo, Japan).
Wound healing assays
A horizontal line was evenly drawn across 6-well plates (Corning) every 0.5~1.0 cm and 5×10 5 cells were seeded into the wells. A cell scratch perpendicular to the horizontal line was made using a 200 μL pipette tip and cells were incubated at 37°C, 5% CO 2 . Cells were imaged at 0, 24, and 48 hrs.
Transwell invasion assays
Cells (5×10 4 cells/200 μl of serum-free cell suspension) was added to Matrigel Invasion Chambers (size 8 μm; BD Biosciences, Franklin Lakes, NJ, USA), and 600 μL of medium containing 10% FBS was added to the lower chambers of 24-well plates (Corning). Cells were cultivated for 24 hrs, washed in PBS, fixed in methanol, and stained with crystal violet. Five cell fields were randomly counted on a fluorescent microscope (Olympus, Tokyo, Japan).
Dual luciferase reporter assays
To verify the binding sites of LINC00491-miR-145-SERPINE1, the psi-CHECK-2 vector (Promega, Madison, WI, USA) was cloned using XhoI and NotI sites. Mutant plasmids were generated by QuickChange ® Site-Directed Mutagenesis (Stratagene, Agilent Technologies, Wilmington, DE, USA). Appropriate plasmid and miR-145 mimics or mimic controls were co-transfected into HEK293T cells (1.0×10 5 ), and luciferase activity was evaluated 48 hrs post-transfection using the Dual-luciferase Reporter Assay System (Promega). Values were normalized to Renilla luciferase activity.
Statistical analysis
Statistical analyses were performed using SPSS 20.0 software (IBM, Armonk, NY). Data are presented as the mean ± SD. Each experiment was performed in triplicate. Differences between the groups were determined using a two-tailed Student t-test. A one-way analysis of variance (ANOVA) was used for multiple comparisons. KaplanMeier methods and log rank tests were used to analyze the relationship between LINC00491 expression and overall survival rates of colon adenocarcinoma patients. The correlation of expression were analyzed through Spearman correlation analysis. p<0.05 was deemed significant.
Results
DEmRNAs, DEmiRNAs, and DElncRNAs in colon adenocarcinoma samples
The RNA expression profiles of patients with colon adenocarcinoma and corresponding their corresponding clinical information were downloaded from the TCGA database using the Data Transfer Tool. EdgeR was used to identify significant differences in DEmRNAs, DEmiRNAs, and DElncRNAs between colon adenocarcinoma and normal samples (adjusted p-value<0.01 and | logFC|>2 as the thresholds). We identified a total of 2081 DEmRNAs, 245 DEmiRNAs, and 1176 DElncRNAs. More specifically, 1170 (56.2%) were up-regulated and 911 (43.8%) were down-regulated DEmRNAs (Table  S1) , 174 (71.0%) were up-regulated and 71 (29.0%) were down-regulated DEmiRNAs (Table S2) , and 912 (77.6%) were up-regulated and 264 (22.4%) were down-regulated DElncRNAs (Table S3) . Heat maps are shown in Figure  S1 , and volcano plot demonstrating the clustering of DElncRNAs, DEmiRNAs, and DEmRNAs is shown in Figure 1A -C. 
Construction of the ceRNA network
To reveal how lncRNAs mediate transcription in colon adenocarcinoma through their influence on mRNA and miRNA binding, a ceRNA network based on the list of DElncRNAs, DEmiRNAs, and DEmRNAs were constructed and visualized using Cytoscape software. As shown in Figure S2 , the lncRNA-miRNA-mRNA network was comprised of 135 lncRNA, 28 miRNA and 52 mRNA nodes (Table S4- 5) . The majority of DEmRNAs were tumor-related genes including SERPINE1, NPTX1, HILPDA, PRSS22, PMAIP1.
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14 Interestingly, all formed a ceRNA network with LINC00491 ( Figure 1D ).
Predicated functions of mRNAs within the lncRNA-miRNA-mRNA network
Functional analysis of lncRNAs and mRNAs of the ceRNA network was performed using GO terms and KEGG pathways. We selected the top 13 most significantly enriched GO terms ( Figure 1E ). The top 12 KEGG pathways are shown in Figure 1F . GO analysis was performed for the assessment of the SERPINE1 signaling axis (Table 1) . Amongst the pathways identified, protease binding, fibrinolysis, and platelet degranulation have been shown to be involved in cancer pathogenesis.
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LINC00491 promotes colon adenocarcinoma cell proliferation, migration and invasion
Real-time PCR showed that LINC00491 was overexpressed in colon adenocarcinoma cell lines compared to normal colon cells (NCM460) (Figure 2A ). HT-29 and HCT116 cells were chosen to study the function of LINC00491 in cell culture. When si-LINC00491-1#, si-LINC00491-2#, si-LINC00491-3#, si-LINC00491-123# or scrambled were transfected into HT-29 and HT116 cells, LINC00491 expression was remarkably reduced in si-LINC00491-123# compared to scrambled controls ( Figure 2B ). When the proliferation of transfected HT-29 and HCT116 cells was evaluated by CCK-8 and plate clone formation assays, si-LINC00491-123# decreased cell proliferation ( Figure 2C and D) . We reasoned that LINC00491 may control the migration and invasion of colon adenocarcinoma cells. To investigate this, wound healing and transwell invasion assays were performed in HT-29 and HCT116 cells transfected with si-LINC00491-123# or scrambled controls. The results showed that cell migration and invasion ability were reduced in si-LINC00491-123# transfected cells ( Figure 2E and F). These data suggest that LINC00491 is an oncogene that promotes colon adenocarcinoma cell proliferation, migration and invasion.
miR-145 functions as a suppressor gene in colon adenocarcinoma
We used RT-PCR to detect miR-145 levels in HT-29, HCT116, and NCM460 cells. In contrast to LINC00491, miR-145 was significantly suppressed in HT-29 and HCT116 cells ( Figure 3A) , highlighting its inhibition in colon adenocarcinoma. The levels of miR-145 increased in miR-145 mimic transfected HT-29 and HCT116 cells ( Figure  3B ) whilst the proliferation of both cell lines decreased ( Figure 3C ). Increasing the expression of miR-145 also reduced plate clone formation compared to mimic controls ( Figure 3D ). Cell migration was also inhibited in miR-145 mimic transfected HT-29 and HCT116 cells compared to mimic controls ( Figure 3E ). Transwell invasion assays demonstrated that invasiveness was significantly reduced following miR-145 mimic transfection ( Figure 3F ). Taken together, these data indicate anti-cancer effects of miR-145 in colonic adenocarcinoma cells. Figure 4A ). CCK8 assays showed that SERPINE1 silencing significantly reduced colon adenocarcinoma cells growth and viability ( Figure 4B ). Moreover, SERPINE1 silencing could inhibit colon adenocarcinoma cell migration ( Figure 4C ). In addition, HT-29 and HCT116 cells transfected with SERPINE1 siRNA decreased the invasion ability of colon adenocarcinoma cells ( Figure 4D ).
To study the role of SERPINE1 in colon adenocarcinoma, cells were transfected with LINC00491-miR-145-SERPINE1 and RT-PCR assays was used to determine the expression of miR-145. miR-145 expression significantly increased in si-LINC00491-123# transfected cells compared with scrambled controls ( Figure 5A ). Through Kaplan-Meier curve analysis, the expression of LINC00491 and SERPINE1 negatively correlated with the overall survival rates ( Figure 5B ). LINC00491 was found to regulate SERPINE1 levels, since transfection with si-LINC00491-123# decreased SERPINE1 transcript and protein levels in HT-29 and HCT116 cells. RT-PCR and Western blot analysis showed that SERPINE1 expression was reduced in HT-29 and HCT116 cells transfected with miR-145 mimics compared to controls ( Figure 5C and D) . In addition, we constructed a series of luciferase reporter genes containing WT SERPINE1 3'UTR, mutant SERPINE1 3'UTR, wild LINC00491 or mutant LINC0049 that were co- transfected into cells with LINC00491-miR-145-SERPINE 3'UTR or miR-145 mimics. We found that the miR-145-mediated inhibition of luciferase activity was abolished by mutations in LINC00491, and that WT-SERPINE1 3'UTR driven luciferase expression decreased following co-transfection of the miR-145 mimic ( Figure 5E ). These results indicate that LINC00491 regulates SERPINE1 through its competitive binding to miR-145.
Discussion
Colon adenocarcinoma is a common malignant tumor and one of the leading causes of cancer-related death worldwide. 20 The lack of specific diagnostic and prognostic biomarkers results in low survival rates in colon adenocarcinoma patients. 21 It is therefore important to discover novel and effective colon adenocarcinoma treatment targets.
Increasing evidence suggests that lncRNA expression profiles can be used as molecular markers for tumor diagnosis and prognosis, including breast cancer, 22 gastric cancer, 23 hepatocellular carcinoma, 24 and colon adenocarcinoma. 25 In this study, RNA sequencing data and the clinical characteristics of colon adenocarcinoma were obtained from the Cancer Genome Atlas database. DElncRNAs, DEmRNAs, and DEmiRNAs were identified between colon adenocarcinoma and normal colon tissue samples. Subsequently, the lncRNAmiRNA-mRNA ceRNA network of colon adenocarcinoma was established. We found that LINC00491 acts as a key regulator of human colon adenocarcinoma and revealed new roles of the LINC00491-miR-145-SERPINE1 axis. Interestingly, Liu et al showed that LINC00491 is associated with overall survival rates in breast cancer patients. 26 between LINC00491, poor prognosis and SERPINE1 expression was also reported, consistent with our findings.
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MiRNAs are abnormally expressed in tumors and represent novel therapeutic approaches for tumor therapy. miR-145 is down-regulated in several cancers, including colon adenocarcinoma 28 and thyroid cancer. 29 SERPINE1 is significantly upregulated in gastric tissue and is associated with a poor outcome. 30 To determine whether LINC00491 is involved in the tumorigenesis of colon adenocarcinoma, real-time PCR was used to detect the expression of LINC00491 in colon adenocarcinoma cell lines. Our results demonstrate that LINC00491 is highly expressed in colon adenocarcinoma cell lines. Functional assays showed that si-LINC00491 and SERPINE1 silencing decrease cell proliferation, migration, and the invasion of HT29 and HCT116 cells, which can be recapitulated using mimic-miR-145. The ceRNA network are important regulators and lncRNAs function as ceRNAs through their ability to regulate miRNAs in human cancers. [31] [32] [33] We therefore investigated whether LINC00491 acts as a ceRNA in colon adenocarcinoma through RT-PCR and Western blot analysis, and found that miR-145 was up-regulated, but SERPINE1 was down-regulated in colon adenocarcinoma cells after treatment with si-LINC00491. We performed dual luciferase reporter assay to confirm that LINC00491 functions as a ceRNA and competitively binds to miR-145, up-regulating SERPINE1. Taken together, these results indicate that lncRNA LINC00491 promotes colon adenocarcinoma cell proliferation, migration and invasion by competitively binding to miR-145, up-regulating SERPINE1, and accelerating colon adenocarcinoma metastasis ( Figure 5F ). In summary, this study demonstrates that LINC00491 functions as a ceRNA to promote SERPINE1 expression through its ability to sponge miR-145. LINC00491 may therefore serve as a therapeutic target and prognostic biomarker in colon adenocarcinoma. 
